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(54) Recording and/or reproducing data on a disk. 

(57) When recording and/or reproducing data on a 
disk formatted in accordance with a constant 
linear velocity (CIV) system while the disk is 
rotated and a head is movable in a radial direc- 
tion relative to toe disk for scanning radially 
successive circular tracks thereon, and a re- 
cording and/or reproducing circuit is operable 
in response to a data transfer clock for causing 
the head to record and/or reproduce data in the 
* tracks scanned thereby: the disk is virtually, 
divided into a plurality of virtual zones (Fig. 1 A) 
arranged successively in the radial direction 
and each comprised of a respective plurality of 
the tracks ; the frequency of the data transfer 
clock (Fig. 1B) is determined in dependence on 
the one of the virtual zones in which the tracks 
being scanned are situated at least during the 
initiation . of a recording or reproducing oper- 
ation, with the. frequency determined at the 
initiation of a recording or reproducing oper- 
ation being increased step wise for each of the 
successive zones considered in the radiaily out- 
ward direction and being maintained substan- 
tially constant at least so. long as the tracks 
being scanned are in the one of the zones at 
which the recording or reproducing operation 
was initiated; and the angular velocity (Fig. 1C) 
at which the disk is rotated during the recording 
or reproducing of data in the tracks within any 
one of the virtual zones is decreased as succes- 
sive tracks, considered in the- radially outward 
direction, are scanned during the recording or 
reproducing operation in which the frequency 
of the data transfer clock is maintained substan- 
tially constant^ 
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This invention relates generally to a method and apparatus for recording and/or reproducing data on a disk 
formatted in accordance with a constant linear velocity (CLV) system, and more particularly is directed to such 
method and apparatus suitable for use with a write once optical disk drive. 

It is known to employ disks formatted in accordance with constant angular velocity (CAV). constant linear 
5 velocity (CLV) and modified constant angular velocity (MCAV) systems for the recording and reproducing of 
data in sectors arranged on the disk while suitably controlling the speed of rotation of the disk by a spindle 
motor for example, as shown in detail in U.S. Patent No. 4,660.189. which has a common assignee herewith 
As generally illustrated in Fig. 4, in such known apparatus for controlling the rotation of a disk 1 coupled 
to a spindle motor 2 through a rotary shaft 3 while a recording and reproducing head (not shown) ,s moved in 
w a radial direction R relative to the disk 1 , the rotary shaft 3 of the motor 2 is further connected with a rotation 
sensor 4, such as, a frequency generator or the like, that provides, a pulsed signal with a frequency corre- 
sponding to the rotational speed of the disk 1 . Such pulsed signal is applied to a rotational speed detector -arcurt 
5 which, in response thereto, provides a rotational speed signal S1 having a value or level corresponding to 
the rotational speed of the disk. Therotational speed signal S1 is supplied to one inputterminal of a comparator 
,5 circuit 6 which, at another input terminal, receives a predetermined reference signal S2 from a terminal 7. The 
comparator circuit 6 compares the received rotational speed signal S1 with the reference s,gnal S2 and pro- 
vides a corresponding difference signal S3 which is supplied to a motor drive circuit 8. The motor dnve circuit 
8 drives the motor 2 in response to the difference signal S3 so as to vary the rotational speed of the motor 2 
and hence of the disk 1. in the direction for reducing the difference signal S3 to 0, that is, in the director i for 
2 o equating the rotational speed signal S1 with the reference speed signal S2. Thus, the control circuit Ulus tra ited 
in Fig. 4 constitutes a so-called servo loop. Although, in practice, such servo loop desirably includes a phase 
control loop and a velocity control loop as well as a phase compensating circuit for increas.ng the servo ac- 
curacy, such additional circuits are not shown in Fig. 4 for the sake of s.mpl.cty 

When recording and reproducing signals on the disk 1 in accordance with the CAV system, the. ro a o nal 
25 speed of the disk 1 is maintained constant, that is. the reference signal S2 applied to the comparator circuit 6 
has a constant value, and. as a result thereof, a relatively short access time is attainable even when moving 
the head a relatively large radial distance on the disk. As shown in Fig. 5A which represents the format of the 
disk 1 when recorded according to the CAV system, the hatched areas 10 and 11 needed to record unit sec tors 
in respective tracks adjacent the inner and outer peripheries, respectively, of the recordable area of the disk 
30 have different peripheral lengths. More specifically, the length in the peripheral direction along each track that 
is required to record a unit sector is progressively increased from track to track from the inner penpher to 
the outer periphery of the area of the disk available for recording of data. By reason of the forcing when 
using the CAV system, the recording density is progressively lowered from track to track in the rad.al direct o 
from the inner periphery to the outer periphery of the recordable area of the disk 1 so that, when cons,dered 
35 in the aggregate, the recording capacity is relatively small. 

in the case of the CLV system, the rotational speed at which the disk 1 is rotated dunng recording and 
reproducing data thereon is changed from track to track in inverse proportion to the radius of the track on the 
disk then being scanned for the recording or reproducing of data thereon. As a result of the » 
the disk 1 is recorded according to the CLV system, the format thereof illustrated on Fig 5B ,s c aractenz d 
40 by areas of equal peripheral lengths required for the recording of unit sectors in tracks adjacent the inner and 
outer peripheral areas of the recordable area of the disk, as indicated by the shaded or hatched areas 2 and 
13, respectively. Accordingly, the same recording density is obtained on each of the tracks comprising , the re- 
cordable area of the disk with the result that a theoretically maximum recording capacity is achieved. Such 
recording capacity attainable through the use of the CLV system is about 1.5 times the record.ng capacity 

« attained when using the CAV system. 

However, when using the CLV system, in order to maintain the linear velocity at a constant value, the ro- 
tational speed or angular velocity of the spindle motor 2 must be changed in accordance with changes in he 
position of the recording and reproducing head in the radial direction R of the disk 1. In other words the va ue 
of the reference signal S2 supplied to the comparator circuit 6 (Fig. 4) must be varied as a function o the nurn- 

50 ber of the track being scanned by the recording and reproducing head, which number is counted in the radially 
outward direction. Thus, when using the CLV system, the rotational speed of the disk must be changed n ac- 
cordance with access movements of the recording and reproducing head. The need.to change the rotational 
speed of the disk with changes in the position of the track being scanned by the record.ng and ^oduang 
head requires a substantial increase in the access time when the recording and reproducing head is moved 

55 a relatively largfe radial distance, for example, from a track near the inner periphery to a track near the out r 
periphery of thl recordable area of the disk. The increased access time is required to permit the i necessa ry 
substantial change in the rotational speed of the disk which is opposed by the inert.al tendency of the disk to 
continue rotation at its original speed. 



S 



EP 0 599 628 A2 



In both the CAV system and the CLV system, the number of sectors recorded and reproduced per unit 
time is the same when the head scans any of the tracks within the recordable area of the disk. Therefore, in 
the case of the CAV system and in the case of the CLV system, the frequency of the clock employed for the 
recording and reproducing operation performed anywhere within the recordable area of the disk is unchanged. 

5 The MCAV system seeks to effectively utilize the advantages of the CAV system, that is, the relatively 

short access time of the CAV system, while increasing the recording capacity relative to the latter. As shown 
in Fig. 5C which illustrates the format of a disk 1 recorded by the MCAV system, it will be seen that, in such 
case, the recordable area of the disk is divided into a plurality of physically predetermined zones 16a, 16b, 
16c, arranged successively in the radially outward direction and each comprised of a respective plurality of 

w circular tracks, and the recording and reproducing is carried out in accordance with the CAV system in each 
of the zones 16a t 16b, 16c. When the recording and reproducing head moves from one zone to the next, the 
frequency of the recording and reproducing clock is changed to the maximum clock frequency that can be util- 
ized within the newly encountered zone for effecting the recording and reproducing operations therein. As a 
result of the foregoing, the hatched areas 17a, 17b and 17c required for the recording of unit sectors in the 

15 radially innermost tracks of the zones 16a, 16b, 16c, respectively, are of the same lengths. Therefore, the re- 
cording density is the same in each of the tracks, and the number of sectors recorded in each track is increased 
from zone to zone in the radially outward direction. Since the frequency of the recording and reproducing clock 
is changed from zone to zone in the MCAV system, the data transfer rate is similarly changed from zone to 
zone in such system. 

20 Referring now to Fig. 6 for a graphic comparison of the recording capacities of disks recorded according 

to the CAV, CLV and MCAV systems, respectively, it will be seen that the abscissa represents the radius of 
the disk from the radius r 0 of the track at the inner periphery of the recordable area 'of the disk to the radius 
r max of the track at the outermost periphery of the recordable area, while the ordinate represents the number 
of sectors in each of the tracks having a radius between r 0 and r max . The horizontal dashed line on Fig. 6 rep- 

25 resents the number of sectors in each of the tracks between the radii r 0 and the r max on a disk recorded ac- 
cording to the CAV system; the upwardly inclined solid line represents the numbers of sectors in the tracks 
between the radii r 0 and the r max on a disk recorded according to the CLV system; and the upwardly stepped 
dot-dash line represents the numbers of sectors in the tracks between the radii r 0 and r max on a disk recorded 
according to the MCAV system. Therefore, the rectangular area under the dashed horizontal line on Fig. 6 rep- 

30 resents the recording capacity of a disk recorded according to the CAV system, the trapezoidal area under 
the inclined solid line on Fig. 6 represents the recording capacity of a disk recorded according to the CLV sys- 
tem, and the area under the stepped dot-dash line on Fig. 6 represents the recording capacity of a disk re- 
corded according to the MCAV systems. From the foregoing, it is apparent that the CLV system affords the 
maxi mum recording capacity which is theoretically 1 .5 times the recording capacity attainable by the CAV sys- 

35 tern and only slightly larger than the recording capacity attainable by the MCAV system. 

Although the- CAV, CLV and MCAV systems have certain respective desirable characteristics, each of 
these known systems is burdened with a respective disadvantage. Thus, for example, although the CAV sys- 
tem has a short access time, as described above, the recording density measured in the peripheral direction 
along each track is decreased from track to track in the radially outer direction with the result that the overall 

40 recording capacity is relatively small. 

Although the CLV system provides a relatively large recording capacity which, as noted above, is theo- 
retically 1 .5 times the recording capacity attainable with the CAV system, the rotational speed of the disk being 
recorded or reproduced must be changed from track to track, that is, in accordance with the radial position of 
the recording and reproducing head, so as to achieve the desired constant linear velocity and, as a result of 

45 the need to effect such changes in the rotational speed, the access time is undesirably increased. 

Although the MCAV system can obtain a recording capacity substantially equal to that of the CLV system 
while employing a constant rotational speed so that the access time is desirably short, the frequency of the 
recording and reproducing clock is changed as the head moves radially from one to another of the physically 
predetermined zones into which the recordable area of the disk is divided so that it is necessary to constantly 

50 effect accurate control of the absolute address or radial position of the recording and reproducing head. Fur- 
thermore, since the data transfer rate is changed upon each change in the frequency of the recording and 
reproducing clock at the inner and outer peripheries of each zone while the rotational speed of the disk remains 
constant, effecting the desired control becomes complicated. 

The present invention is concerned with attempting to provide a disk recording and/or reproducing system 

55 capable of achieving a high recording capacity and a short access time, while avoiding or reducing the previ- 
ously noted disadvantages of the known systems. 

More specifically, this invention is concerned with attempting to provide a disk recording and/or repro- 
ducing system having a relatively high recording capacity similar to that obtained with the CLV system while 
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affording a short access time similar to that achieved with the CAV system, and in which the control difficulties 
encountered in connection with the MCAV system are reduced or avoided. 

In accordance with an aspect of this invention, in recording and/or reproducing data on a disk formatted 
in accordance with a constant linear velocity (CLV) system while the disk is rotated and a head is movable in 

5 a radial direction relative to the disk for scanning radially successive circular tracks thereon, and a recording 
and/or reproducing circuit connected with the head is operable in response to a data transfer clock for causing 
the head to record and/or reproduce data in the tracks scanned thereby: the disk is virtually divided into a 
plurality of virtual zones arranged successively in the radial direction and each comprised of a respective plur- 
ality of the tracks; the frequency of the data transfer clock during a recording or reproducing operation is de- 

w termined in dependence on the one of the virtual zones in which the tracks being scanned are situated at least 
during the initiation of the recording or reproducing operation, with the frequency determined at the initiation 
of a recording or reproducing operation being increased step wise for each of the successive zones considered 
in the radially outward direction and being maintained substantially constant at least so long as the tracks being 
scanned are in the one of the zones at which the recording or reproducing operation was initiated; and an an- 

15 gular velocity at which the disk is rotated during the recording or reproducing of data in the tracks within any 
one of the virtual zones is decreased so long as successive tracks, considered in the radially outward direction, 
are scanned during the recording or reproducing operation in which the frequency of the data transfer clock 
is maintained substantially constant 

In one operating mode of an embodiment of this invention, during the recording and/or reproducing of data 

20 on a disk formatted in accordance with a constant linear velocity system, as aforesaid, in the event that a re- 
cording or reproducing operation continues during scanning of tracks in a virtual zone adjacent the one virtual 
zone in which such operation was initiated, during the continued scanning of tracks in the adjacent virtual zone, 
the frequency of the data transfer clock remains unchanged at the frequency thereof determined for the one 
virtual zone in which the recording or reproducing operation was initiated. 

25 In accordance with a preferred advantageous feature of this invention, the angular velocity at which the 

disk is rotated is determined by a servo in response to a rotational speed reference signal, and such rotational 
speed reference signal, and hence the angular velocity of the disk, is decreased as successive tracks, con- 
sidered in the radially outward direction, are scanned within any one of the virtual zones. 

A specific embodiment of the invention will now be described, by way of example, with reference to the 

30 accompanying drawings in which; 

Fig. 1 A is a diagram illustrating the manner in which the recordable area of an optical disk is divided into 
virtual zones according to an embodiment of the present invention; 

Fig. 1B is a diagram illustrating the manner in which the frequency of a data transfer or recording and 
reproducing clock is changed for the several virtual zones of Fig. 1 A in accordance with an embodiment 
35 of the present invention; 

Fig. 1 C is a diagram illustrating variation of the angular velocity with each of the virtual zones of the disk, 
and to which reference will be made in explaining fluctuation of angular velocity in the case of a specific 
numerical example of the described embodiment of this invention; 

Fig. 2 is a block diagram showing a circuit arrangement of a recording and reproducing apparatus in ac- 
40 cordance with an embodiment of the present invention; 

Fig. 3 is a diagram to which reference will be made in explaining an embodiment of the invention having 
specific numerical values; 

Fig. 4 is a block diagram showing a servo control circuit according to the prior art for controlling the rotation 
of a disk in a recording and/or reproducing apparatus; 
45 Figs. 5A, 5B and 5C are fragmentary diagrammatic views of the recordable area of disks recorded with 

formats of the CAV, CLV and MCAV systems, respectively; and 

Fig. 6 is a diagram to which reference is made in explaining the relative recording capacities of disks re- 
corded with the formats shown in Figs. 5A, 5B and 5C, respectively. 

Generally in the embodiment of the present invention, a disk, such as, a write once optical disk, is for- 
so matted according to the CLV system shown in Fig. 5B and. during recording and/or reproducing of data on such 
disk, the recordable area thereof extending between the inner periphery having the radius r 0 and the outer 

periphery having the radius r majt on Fig. 1 A is virtually divided into m virtual zones V (V = 1, 2, 3 i, i+1 

m-2. m-1, m) arranged successively in the radial direction R and each comprising a respective plurality of ra- 
dially successive substantially circular tracks. Although the total number of the virtual zones V is m, zone num- 
55 bers n (n = 0, % 2, 3 i-1 . i m-1) are assigned to the respective virtual zones V, as shown on Fig. 1A. 

Further, generally in the embodiment of the present invention, and as illustrated in Fig. 1 B, the frequency 
f of a data transfer clock used during a recording or reproducing operation is determined in dependence on 
the one of the virtual zones V in which the recording or reproducing operation is initiated, with such frequency 
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f determined at the initiation of a recording or reproducing operation increasing step wise for each of the suc- 
cessive zones V considered in the radially outward direction and being maintained substantially constant at 
least so long as the recording or reproducing operation is being continued in the virtual zone .n winch it was 
initiated. Moreover, during the recording or reproducing of data within any one of the virtual zones of the re- 
cordable area of the disk, the angular velocity at which the disk is driven is progressively decreased as data 
is recorded or reproduced in successive tracks, considered in the radially outward d.rect,on, within that one 
virtual zone, for example, as shown on Fig. 1 C whereby the recording or reproducing of data w.thin each zone 
V is effected at a constant linear velocity, and hence with a constant linear recording density. 

Further, generally in the embodiment of the present invention, the total number m of the divided virtua 
zones V can be selected or varied in dependence on the desired or optimum access time and data transfer 
rate, by which the degree of fluctuation of the rotationa. speed of the disk and the degree of fluctuation of the 

data transfer rate can be varied. , . ran „ 

Furthermore, in accordance with one embodiment of the present invention, when a wording or repro- 
ducing operation is initiated in a predetermined virtual zone, for example. ,„ the zone V - .. 
in the adjacent virtual zone V - W . the frequency f of the data transfer or recording and reproduang , do* i 
not changed for the virtual zone V = i ♦ 1. but rather remains at the frequency f determined for the vrtual 
zone V = i during the continued recording or reproducing in the virtual zone V = i + 1. 

By varying the total number m of the virtual zones V in dependence on the access time , and the data trans- 
fer rate, the fluctuation of the rotational speed, as in Fig. 1C. and the fluctuation of the data trans ^ er ra e or 
frequency as in Fig. 1B. can be varied. Therefore, taking into account the torque or other capability of the 
STStfar driving the disk, it is possible to obtain an optimum design of a disk recording and «jo*«J 
apparatus in accordance with the invention. Since the radial points at w .ch the frequency of the M M* 
clock is changed are virtual and can be varied or controlled, it is possible to change ^^^^^ 
apparatus as desired between a condition in which the data transfer rate ^substantially constant a «. a 
condition substantially equivalent to the CLV system) and the condition in which the impor anc * of mj.m £ 
access time is emphasized (that is. in which the rotational speed is substantially constant, as ,n the CAV sys 

tt will be appreciated that, in accordance with the above stated general principals of the invention the 
disk formatted according to the CLV system is divided into the virtua, zones V ^nged successive n h 
radial direction, the data transfer clock has its frequency f increased step wise for the success^ v rt al 
considered in the radially outward direction and is maintained substantially constant at laajt so " J9^ h « 
recording or reproducing operation continues in the zone in which ,t was initiated, and the rota ^ « 
angular velocity of the disk is decreased with increases in the radius with.n the virtual zone n wh * the re- 
cording or reproducing operation is occurring, whereby recording or reproducing at a constant fane « ^record "9 
density can be carried out. In other words, in accordance with the invention, the recording capacity of the d^k 
a ave a theoretical maximum value similar to that achieved with the CLV system Furt her ^ince tha an- 
gular velocity or rotational speed of the disk is changed only to a relative y small -tent within ea v rtua 
zone, that is, at the inner periphery of each of the virtual zones V the angular velocity ,s returne J tc the same 
valu*. as is apparent on Fig. 1 C. the change in the rotationa, speed of the disk between re- 
ducing operation on an inner peripheral portion of the disk and a recording or -P^^noe in ro^on" 
outer peripheral portion of the disk is substantially suppressed and hence he effected change noMonal 
speed is only slightly resisted by inertia of the rotating disk. By reason of the foregoing 
reproducing with the embodiment of the present invention, an access time nearly equal to that ach.eved with 

recording and/or reproducing information or data on a disk type recording medium such as. an optical disk 
21. includes a host controller or CPU 20 having ports or terminals 22. 23. 24 and ^^ ^Zni 
data and signals are exchanged with other components of the apparatus. More spec, .cal ly. he term a 22 
is shown to be connected with a recording and reproducing circuit 26 for supplying to the latter nfo ™.Uonor 
data to be written or recorded on the disk 21, together with a recording or reproducing command signal, such 
as. for example, a corresponding header address and sector length signal wh.c . in the case of he mcor ng 
mode, identifies where on the disk 21 the corresponding data or information ,s to be ^ 
in the reproducing or reading mode, identifies the location on the disk of the data or information to be read 
orreproduced therefrom. Further, in the reproducing mode of the apparatus, the data or informa 
the disk 21 is output from the circuit 26 to the terminal 22 for processing in t he latterly way exa^ 
recording or reproducing command signals supplied from the terminal 22 to the recording and "J"*^ 
cuit 26 may be generated by the controller or CPU 20 in response to manipulation of a keyboard indicated 
20a. 
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Similarly to the arrangement in Fig. 4, the disk 21 is shown on Fig. 2 to be rotated by a spindle motor 
2' through a rotary shaft 3' while a recording and reproducing head 9 connected with the recording and repro- 
ducing circuit 26 is suitably moved in the radial direction R relative to the disk. As before, the rotary shaft 3 - of 
the motor Z is also connected with a rotation sensor 4', such as. a frequency generator or the like, providing 

5 a pulsed signal with a frequency corresponding to the rotational speed of the disk. Such pulsed signal is applied 
to a rotational speed detecting circuit 5" which, in response thereto, provides a rotational speed signal S', hav- 
ing a value or level corresponding to the rotational speed of the disk 21 . The rotational speed signal S\ is shown 
to be supplied to one input terminal of a comparator circuit 6' which, at another input terminal, receives a ro- 
tational speed reference signal S' 2 from a rotational speed reference value generating circuit 27. The compar- 

io ing circuit 6' compares the rotational speed indicated by the rotational speed signal S', with a rotational speed 
. reference value indicated by the signal S' 2 and the difference therebetween is supplied to a drive circuit 
8' which provides a corresponding drive signal S' 3 to the spindle motor 2'. As before, the drive circuit 3' controls 
the spindle motor 2' so as to vary the rotational speed thereof in the direction for reducing the difference, if 
any, between the rotational speed signal S', and the rotational speed reference signal S' 2 . Thus, a so-called 

ts servo loop is provided which may desirably include a phase control loop and a velocity control loop as well as 
a phase compensating circuit for increasing the servo accuracy. 

It will be appreciated that the head 9, in moving in the radial direction R relative to the disk 21 while the 
latter is rotated, scans radially successive substantially circular tracks arrayed on a recordable area of the disk 
which has its inner and outer peripheries at the radii r 0 and r max> respectively. 

20 In the illustrated apparatus in accordance with the present invention, the host controller or CPU 20 pro- 

vides, at its terminal 23, a track number signal or data TN which identifies the radial position, counted in a 
radially outward direction from the radius r 0 at the inner periphery of the recordable.area of the disk 21. of a 
respective one of the tracks then being scanned by the head 9 for the recording or reproducing of information 
in such track. The track number signal TN is supplied to the rotational speed reference value generating c.rcu.t 

25 27 and also to a zone calculating circuit 28. The zone calculating circuit 28 may be desirably constituted by a 
random access memory (RAM) forming a table addressed by the track number TN so as to output a zone num- 
ber signal n which identifies the one of the virtual zones V in which the track identified by the track number 
TN is situated. The zone calculating circuit 28 further receives, from the terminal 24 of the CPU 20. control 
data by which data contained in the RAM constituting the zone calculating circuit 28 are rewritten when a 

so change is effected in the total number m of the virtual zones V into which the recordable area of the disk 21 
is virtually divided. Finally, the zone calculating circuit 28 receives, from the terminal 25 of the CPU 20. a total 
zone number signal representing the total number m of the virtual zones arranged successively in the radial 
direction and into which the recordable area of the disk is virtually divided. Although the zone calculating circuit 
28 has been described as being desirably formed by a RAM table, it may be alternatively provided as a suitable 

35 logic circuit. 

In any event, the zone number signal n from the zone calculating circuit 28 and the total zone number 
signal m from the terminal 25 are supplied, along with the track number signal TN, to the rotational speed 
reference value generating circuit 27 which may be constituted by a microprocessor or the like for determining 
the rotational speed reference signal S' 2 therefrom. 

40 The zone number signal n from the zone calculating circuit.28 and the total zone number signal m from 
the terminal 25 are also supplied to a data transfer clock synthesizer 29 which is preferably in the form of a 
phase locked loop (PLL) receiving a reference frequency f„ from a reference oscillator 30. The synthesizer 29 
provides a data transfer clock CK with a frequency f which is determined on the basis of the zone number 
signal n and the total zone number signal m, and such data transfer clock CK is supplied to the recording and 

45 reproducing circuit 26 for determining the rate of data transfer during a recording or reproducing operation. 
The above described embodiment of the invention operates as follows: 

When a recording or reproducing command from the host controller or CPU 20 is supplied through its ter- 
minal 22 and the track number TN of the track in which the data or information is to be recorded or reproduced 
in response to the recording or reproducing command is supplied through the terminal 23 to the zone calcu- 
so lating circuit 28, the zone number n of the virtual zone in which such track number TN is situated is output 
from the zone calculating circuit 28. 

In a first operating mode, the control data from the terminal 24 of the CPU 20 causes the circuit 28 to 
calculate the zone number n only at the initiation of a recording or reproducing operation, that is, the zone 
number n identifies the virtual zone containing the track in which the recording or reproducing of the mfor- 
55 mation signal or data is to be initiated, and such zone number n remains unchanged even if the recording or 
reproducing operation continues in tracks situated in the next adjacent virtual zone. 

In a second operating mode that may be alternatively selected by the operator, the control data from the 
terminal 24 causes the circuit 28 to continuously calculate the zone number n during a recording or reproducing 
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operation. In that case, if the recording or reproducing of the information signal or data is initiated in one virtual 
zone and is continued in the next adjacent virtual zone, the zone number n will change at the margin or de- 
marcation between such virtual zones. 

The synthesizer 29 determines the frequency f of the generated data transfer clock CK from the reference 
5 frequency f 0l the zone number n and the total zone number m in accordance with the following equation (1) 
and supplies the data transfer clock thus generated to the recording and reproducing circuit 26. 

f = {1 + (n/m)}-f 0 (1) 

The frequency f of the data transfer clock CK is seen to be equal to the reference frequency f 0 when the 
zone number n = 0. If, for example, the total zone number m = 64, then the maximum frequency f max of the 

10 data transfer clock CK for the outermost virtual zone, that is, for n = 63, becomes f max = (1 + 63/64) f 0 . In such 
case, the frequency of the data transfer clock CK ranges from its mini mum value at the innermost virtual zone 
to approximately twice such minimum value at the outermost virtual zone. 

In response to the data transfer clock CK thus generated, the recording and reproducing circuit 26 is op- 
erated at the same frequency f at least so long as the tracks being scanned by the head 9 are situated within 

15 the same virtual zone (V = i + 1) corresponding to the zone number n = i. Fig. 1B illustrates how the value of 
the data transfer clock frequency f generated by the synthesizer 29 on the basis of equation (1) is changed 
or increased stepwise for each of the successive virtual zones V considered in the radially outward direction, 
with such frequency f being maintained substantially constant at least so long as the tracks being scanned 
are in the same one of the virtual zones at which the recording or reproducing operation was initiated. In other 

20 words, the data transfer clock frequency f is constant within the same virtual zone V (for example, f = fi at 

virtual zone V = i + 1 , for which n = i in Fig. 1 A). 

The rotational speed of the optical disk 21 is controlled in accordance with the following equation (2) 

{1 + (n/m)} r 0 ■ co 0 
co = \£) 

25 in which r is the radius of the disk 21 at the track to be scanned by the head 9 and is uniquely determined 

by the track number TN, co is the angular velocity at the radius r, n is the zone number in which track number 
TN is situated, m is the total zone number, r 0 is the radius at the innermost periphery of the recordable area 
of the disk and co 0 is the angular velocity at the radius r 0 . On the basis of equation (2), the value of the rotational 
speed reference signal s" 2 can easily be generated by the rotational speed reference value generating circuit 

30 27 from the received signals TN t n and m. 

As will be ciearf rom equations (1 ) and (2), when the total zone number m is set to m = 1 , n = 0. The resulting 
system would be the same as the conventional CLV system.Therefore, by suitably selecting the total zone 
number m, the changes of the access time and the data transfer clock frequency (change of data transfer 
rate) can be varied as shown on the following Table 1. 

35 



- TABLE 1 







Present system 


CLV System 


40 


Total zone 


m is large number, for 


m is small number greater 


m = 1 


number (m) 


example m=64 


than 1 








Access time increases as 










value of m is decreased 


Long 




Access Time 


Short 


toward m is small number 


45 






greater than 1 








Relatively large; for example, 










when m = 64, the data 










transfer rate or frequency f of 






50 




clock CK at the outer 








Change of Data 


periphery of recordable area 


Small 


None 




Transfer Rate 


of disk is about twice as large 








as the frequency fat the 










inner 






55 


>. 


periphery of the recordable 










area 







Study of Table 1 reveals that, as the value of the total zone number m is increased from 1, the access 
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35 



time is progressively reduced and the change of the data transfer rate is altered progressively from the state 
in which the data transfer rate is unchanged to the state in which the change of the data transfer rate becomes 

progressively larger. , . 

Therefore, in accordance with this embodiment of the invention, the opt.mum total zone number m for the 
system can be selected and set in order to provide desired characteristics of access time and data transfer 

rate 

The virtual zones V into which the recordable area of the disk 21 are thus divided are only virtual zones 
and it is to be noted that physically divided zones do not exist on the optical disk 21 . Therefore, the rad.al w.dth 
of each virtual zone V. and hence the total number thereof, can be changed as necessary. 

When the head 9 is moved across an arbitrary virtual zone (V = i) and reaches the adjac en v,r tua zone 
(V = i ♦ 1) while data are continuously being recorded on the arbitrary virtual zone V (V = i). if the frequency 
f of the data transfer clock CK is switched, or changed to the next higher frequency, as in F,g 1 B the rational 
speed of the spindle motor 2 is also restored rapidly to the rotational speed a*, as on Fig. 1 C. Such rapid change 
in the rotational speed is quantitatively small. If. nevertheless, it is desired to isolate the ^«'*J™ 
such rapid rotational speed fluctuation, the user may select the previously descnbed operating mode , wh,ch 
the circuit 28 calculates the zone number n only at the initiation of a recording or reproducmj 
such case, even when the head 9 is moved to the adjacent virtual zone (V = , + 1). the f requency ' of ^ data 
transfer Cock CK is not changed and the frequency f, of the data transfer clock CK establish, a he in £fton 
of the recording or reproducing operation in the virtual zone (V = i) is utilized during the continued record ng 
2 nSrSflTth. Sext adjacent virtua. zone (V - i ♦ 1). Then, the rotation of the optical d«** ■ con ro I e 
in a manner consistent with the continued use of the frequency f, for the data transfer c ock DK t at s he 
rotational speed of the disk is further progressively decreased along an extens.cn of the line in F,g. 1C for he 
zone V = i during the continuation of the recording or reproducing in the adjacent v,r ual zone v - ( .+ 1 • 
will be apparent that, when using the herein described mode of operation, even small rapid changes ,n the 
rotational speed may be avoided, while achieving a substantially constant linear recording dens, y 

Referring now to Fig. 3. it will be seen that, when the disk 21 ,s a wnte once optical disk for exam e. 
having r 0 - 70 mm. r m „ = 140 mm and the total zone number m = 64. the fluctuate or change ,n ^ ****** 
speed of the disk 21 used for recording or reproducing in the next adjacent virtual zones may be , calcu ated 
a sf ows. Each instruction of the recording or reproducing command from the CPU 20 ^taW 
within one zone. Accordingly, even when the head moves radially out of the zone m which the recording or 
reproducing operation was initiated such range becomes + 1. ..... ,u rtllt o M n/ mP n a hvtes} 

The capacity of an area recorded or reproduced in response to one mstruction .. about 2MB 
in response to a memory, for example, a buffer memory (not shown) such as ,s ut, ized .n a so-ca ed vonfymg 
process or the like, and corresponds to 2000 sectors. A track at the radius r 0 of the , optaol **21 h« SO 
ectors. Even if all tracks had 50 sectors, the number of tracks ,n ^^J^. 9 ^^^^ 
sponsetooneinstruction would be 40 tracks. In actual practice, the number of sectors ,n the track at the radius 

Si* is 0.016 mm, the aggregate width of 40 tracks in the .dial direction R^J- 
the radial width Ar of one zone is Ar - ( r. - r 0 )/m = (140 -70)/64 = 1 09375 mm, the rad. a ge cce sed 
response to one instruction, which in this example is 0.64 mm. ,s genera ly well withm 
(1 ,09375mm) of one zone. Therefore, it is to be understood that, even when th, , movent of he h a e 
ceeds the aggregate width of a zone, the range of movement « a range of +1 (1 .09375 < 2 x 0.64 1 ^ 0937 ^ 
For calculating the fluctuation or change in the rotational speeds used for record.ng or reprod c^g « the 
adjacent virtual zones V, the following equation (3) is obtained from the equation for the CLV system. 

45 (r 0 • Wlo) = fa ' wi/fi) 

= (r, • ©,)/{1 + (i/64)} ■ f 0 (3) 
In the above equation (3) f 0 is the data transfer clock frequency at the virtual zone V = O.^is the angular 
velocity at the radL r 0 , thai is. at the inner periphery of the virtual zone V - 0, ,s the J-^^J 
frequency at the virtual zone V = i and o, is the angular velocity thereof. Equation (3) may be rewntten as the 
50 following equation (4). 

a, = (r</r,)-{1 + (i/64) coo (4) 
When i = 0. equation (4) becomes - ifM Further when i - 0. n - r. within the virtual zone V 0 
so that the rotational 'speed fluctuation is expressed as (Wcoo) = 1.0. Hence, in the adjacent wtual 
zone V = 0. r1 = r 0 + Ar. Therefore, the rotational speed fluctuation or ratio Mc) is expressed as ( u /co,) - 
ss rJfr + Art = 1/fAr/r n n = 1/(1 + (70/1 09375)} = 0.9846. which is a rotational speed d.f ference of 1 .54 /„. i ms 
^eofSL^a'ewl^ 

Z In general, about 25 ms is required for the servo to follow a fluctuation of 2% and. therefore, the servo can 
follow the rotational speed fluctuation of 1.54% in a time less than about 25ms. 
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Since thetimeofabout 2 5ms is ^^^^^^^^^ 
that is determined by the s it or t e^ove numerica, examp.e of the system em- 

according to the CAV system, the average access t me ^ ^ 

bodying the present invention is substantia I y equal * '^ 0 ^^^ n 2jn«Stoc- with the invention, or 
5 of such numerica, example if the disk ,s not d,, ed i ^« ^ """^ 60Q ms t0 800 ms . K „ to be 

to i = 1 to 63 can be calculated as follows: u !c 1 

When i = 1, 1.0/ 0.9848 [- ♦ 1.09375/71.09375)} and ^^^^^ x (70 + 63 • 
When i = 63, 1.0/ 0.9848 [= 1/{ ♦ (1.09375/x)}l and the speed d.fference » 0.78 A (where «ru 

a, = (^{1 + (i/m)}«o 
. „, = {ro /(r 0 + iAr)} . Y- 0)0. where Y = {1 + (i/m)} 
o), = [ro/{r 0 + ' (""max - ro)/m}] ■ Y • ©o 
a, = [1/{1 + 1 (r m ,A - IJftnH-Y-uo 
20 „, = + i(2 - 1)/m}l-Y-o) 0 

a,, = (1/Y) • Y ■ (»o 

numerical example and is in any case very small. zQnes v 

in the above described embodiment of the presen invent o ^ u ^^ he fluctuation of the 
can be altered in dependence on the access t.me and the a disk recording 

rotational speed and the fluctuation of the data transfer ra e can be ' ^ aSf tne tor . 

30 and reproducing apparatus can be designed which is the ^3^^i«S^S5 d Reducing 
que of the motor or the like. That is to say. the po.nts at ^^^^^^J, constant (as in 
clock CK is changed are virtual and can be controlled so ha ^^^ ^ tne rotationa l speed 
the CLV system), if necessary, or so that emphasis .s placed on the access t.me oy ma* g 

substantially constant. described embodiment of the invention, the recording 

35 Further, when, in one of the operate modes of the desc ™ d J*™ zQne v = , jn which ,he 

and reproducing area is moved to the ^^'^^^^Z and reproducing dock CK 
recording or reproducing opera.on was ^^^Z and repr0 9 d uced by the recording and 
is not varied and such virtual zone (V - 1 + 1) is com inun y switching of the 

reproducing clock having the frequency f, set for in.t.al v.rtual zone (V - 0- n that tne ^ 8 and the 
« recording a'd reproducing clock CKduring a recording "W?^Z 

-~^Sb^a^ 

4S clock is changed at the de ,marc*tion ^between the virtual zones ^ ^ ^ 

When data s recorded on the optical disk ^ accoramg iu a/ww «nn to the CLV system 

which the disk is divided into the virtu, zones V th. recorded ata ^P^^^t. app.ied 
uoon playback, whereby the transfer clock rate becomes constant. Thus, the Presenunv 
crease where a picture is reproduced on a display -niter (no, s own )or vjeev ^ 

While the present invention has been described as applied to ■ one. op tad \MW P 
tion is not limited thereto and may be applied to an erasable magneto-optical disk, a CDROM 



or the like. 



55 Claims 
1. 



Anappar a tusforr e cordin g andyorreproducingdataonadisk(21)for m attedinaccordancewi t haconstant 
linear velocity (CLV) system, comprising: 



EP 0 599 628 A2 



drive means (2') for rotating said disk; 

head means (9) movable in a radial direction relative to said disk for scanning radially successive 
substantially circular tracks on the disk; . 

recording and/or reproducing circuit means (26) connected with said head means and operable in 
response to a data transfer clock (29. 30) for causing said head means to record and/or reproduce data 

in the tracks scanned thereby; ... •., j - . 

means (28) for dividing said disk into a plurality of virtual zones arranged successively in said radial 
direction and each comprised of a respective plurality of said tracks; 

means (29. 30) for determining the frequency of said data transfer clock during a recording or re- 
producing operation in dependence on the one of said virtual zones in which the tracks being scanned 
are situated at least during the initiation of said recording or reproducing operation, with sa.d frequency 
determined at said initiation of the recording or reproducing operation being increased stepw.se or each 
of the successive zones considered in the radially outward direction and being maintained substantially 
constant at least so long as the tracks being scanned are in the one of said zones at which said recording 

or reproducing operation was initiated; and 

means (4' 5' 6' 8' 27) for controlling an angular velocity at which said drive means rotates said 

disk including means operative at said initiation of each said recording or reproducing operation for es- 
tablishing a predetermined value of said angular velocity and for decreasing said angular velocity so long 
as successive tracks, considered in said radially outward direction, are scanned during said recording | or 
reproducing operation in which said frequency of the data transfer clock is maintained substantially con- 

stant 

An apparatus as in claim 1; in which said recording or reproducing operation continues during scanning 
of tracks in a virtual zone adjacent said one virtual zone, and in which, during the cont.nued scanning of 
tracks in said adjacent virtual zone, said frequency of the data transfer clock rema.ns unchanged at the 
frequency thereof determined for said initiation of the recording or reproducing operation ,n sa.d one v,r- 
tual zone. 

An apparatus as in claim 1 or 2; in which said recording or reproducing operation continues during scan- 
ning of tracks in a virtual zone adjacent said one virtual zone, and in which, during the continued scanning 
of tracks in said adjacent virtual zone, said frequency of the date transfer clock « increased in correspon- 
dence with said adjacent virtual zone. 

An apparatus as in claim 3; in which, during said continued scanning of tracks in said adjacent virtual 
zone, said angular velocity at which the drive means rotates the disk is returned to sa.d P^ ^.ned 
value and then is progressively decreased so long as successive tracks, considered .n said radially out- 
ward direction, are scanned in said adjacent virtual zone. 

An apparatus as in any preceding claim; in which a number of said virtual zones into which said disk is 
divided is selected in accordance with desired values of access time and data transfer rate. 

An apparatus as in any preceding claim; in which said means for controlling the angular velocity -at which 
the drive means rotates the disk includes servo means for determining said angular velocity in espon e 
to a rotational speed reference signal having a predetermined value at each sa.d initiation o a i recording 
or reproducing operation, and means for decreasing said rotational speed reference signal, and hence 
said angular velocity, as successive tracks, considered in said radially outward d.rect.on. are scanned 
during said recording or reproducing operation initiated in said one virtual zone. 

An apparatus for recording information on a disk type recording medium (21). comprising: 
drive means (2') for rotating the recording medium; 

head means (9) movable in a radial direction relative to said disk type record.ng med.um for scan 
ning radially successive substantially circular tracks on the recording medium; 

recording circuit means (26) connected with said head means and operable .n response to a clock 
signal for causing said head means to record information in tracks then scanned thereby; 

means (20, 25) for generating a total zone number signal representing a total number of wtual 
zones arranged successively in said radial direction and into which said disk type recording medium ,s 
virtually divided with each said virtual zone being comprised of a respective plurality of said tracks^ 

means (20. 23) for generating a track number signal representing the radial pos.t.on. counted in 
a radially outward direction, of a respective one of said tracks scanned by said head means for the r„- 
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cording of said information therein; , . „ ana ^\nn 

means (28) responsive to said track number signal and sa.d total zone number s.gnal for genera ,ng 
a zone number signal representing one of said virtual zones in which said one of the 

means (27) responsive to said track number signal, sa.d zone number s.gnal and sa d total zone 
number signal for generating a rotational speed reference signal represents a deseed rote t,o a d 
of said disk type recording medium, said drive means being operative ,n response to sa.d ota .ona I speed 
reference signal to rotate said disk type recording medium at a predetermined 
head means scans a track at the radially inner periphery of each of sa.d v.rtua 
said angular velocity progressively from said predetermined ^^^fS 
sive scanned tracks, considered in said radially outward direct.on. are w.th.n the same one of said virtual 

Z0n6S means (29. 30) responsive to said zone number signal and total zone number signal for generating 
said clock signal with the frequency thereof being increased stepwise for each of the 
considered in said radially outward direction and being maintained substant.al.y constant at least as long 
as the tracks being scanned are within one of said zones. 
8. An apparatus for reproducing information recorded on a disk type recording medium (21) formatted in 
accordance with a constant linear velocity system, compnsing: 
drive means (2') for rotating the recording medium; 

head means (9) movable in a radial direction relative to said disk type record.ng medium for scan- 
ning radially successive substantially circular tracks on the recording med.um; - 

reproducing circuit means (26) connected with said head means and operable in response to a 
clock signal for reproducing information recorded in tracks then scanned by said head means 

means (20 25) for generating a total zone number signal represent.ng a total number of virtual 
zones Tran ed successively in said radial direction and into which said disk type recording med.um ,s 
virtua.ly divided with each said virtua. zone being comprised of a ^Li 

means (20. 23) for generating a track number signal represent.ng the rad.a pos.t.on cons.de ed 
in a radially outward direction, of one of said tracks scanned by said head means for reproducng of the 

a zone numbi signal representing one of said virtua, zones in which said one f^^^ 
means (27) responsive to said track number signal. sa.d zone number s.gnal and said total zone 

of said disk type recording medium, said drive means being operative in response to sa.d otat.onal speed 
SencesS 

head means scans a track at the radially inner periphery o each of said ^™ 

said anqular velocity progressively from said predetermined angular veloc.ty at least so long as sueces 

sfvescatedS 

20063 means (29. 30) responsive to said zone number signa. and total zone ^J^*^ 
said clock signal with the frequency thereof being increased stepwise for each o tto. ™" 
considered in said radially outward direction and being maintained substantially constant at least so long 
as the tracks being successively scanned are within the same one of sa.d zones. 

9 An apparatus as in claim 7 or 8; in which said means for generating a zone number signa. has ar . operating 
mod in which said zone number signa. identifies only the one of said I v.rtua. zone, , ,n wh * ^d^ 
the tracks is situated at the initiation of the recording or reproducng (as he case may b ) ^of sa.d .nfor 
mation so that, if recording/reproducing of information continues on from tracks s.ua^d v r a zone 
adjacent said one virtual zone, the generated zone number s.gnal ^ns unchange^ ji^Sn^ 
thereto, said clock signal is maintained at the frequency determined at sa.d in.t.at.on of reproducng 
said one virtual zone. 

10 An apparatus as in claim 9; in which said means for generating said rotational speed 

responds to said unchanged zone number signal generated in said operat.ng mode when s record 
ing/reproducing of information continues on from tracks situated in sa.d accent vrtual zone for caus.ng 
said drive nfeans to further progressively decrease said angular veloc.ty. 
11. An apparatus as in any of claims 7 to 10; in which said means for generating a zone number signal has 
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14. 



15 



16. 



u. u .4 n,,mh^r sianal continuously identifies the one of said virtual zones 
an operating mode in ^^.^^^Z during the recording/reproducing of information 
in which is situated ^^^^ ^information continues in/from tracks situated in a 
therein/therefrom so that , rec d J^P"*^ recording/repr oducing was initiated, the resulting 

causes . corresponding change in said frequency of the 

clock signal. 

• , • ' n ho n ri*oendent on claim 9 or 10; further comprising means for selecting 

12. An apparatus as ,n claim 11 wh d ^^ t ^° j|80ond operating mode of said means for generating 
either the first mentioned operating mode or saio se^ui." v 

a zone number signal. 

f H»im, 7 to 12- in which said means for generating a total zone number signal 

1 3. An apparatus as in any of clai ms 7 to i z, in wmw 
is operative to change said total number of virtual zones. 

, . ■ 7 i* further comprising command input means (20a) for providing 
An apparatus as in any o c ^J^^ZZ^ type recording medium on/from which said 
a command signal representing a seiectea region 
information is to be recorded/reproduced. 

• , • in which said command signal includes address data representative of an 
An apparatus as in claim 14. in which said <* m ™ re U cordin g/ re p r oducing of said information is to be 
address on said disk type ^^^^J^K.tton tob. recorded/reproduced, 
initiated and length data representative of tne lengm 

An apparatus as in any of claims 7 to 15; in which said disk type recording medium is an optical disk. 

• . „ , ata rtn - d : sk formatted in accordance with a constant linear 
17. A method of recording and/or reproducing date ^on a ^l/ns for rotating said disk, head means mov- 
ve.ocity(CLV)systembymeanso^ 

able in a radial direction relative to said disk ; to s ^™9 w|th said head means an d operable 

in dependence on the one of said virtual zones in *c , th. «d bemg «™ ^ sjid 

dunng.the initiation of said recording » reproduom i"'^^ """* s "" esS " e 
initiation of the recon»g o. reproducing opera ton ^^T^ZmM^, constant a. least 
zones ordered in the radiaily "-^-S « 
so long as the tracks being scanned are in the one or saia zone 

- ° Paa r«:~»,rni„ed angularv.iocity ^^^^S^i £ 

stant 

1 B. A method as in Cairn 17; in which said ^^^^T^ S 
tracks in a virtual zone adjacent sa>d one virtual zone n « ^ g d 
tracks in said adjacent virtual zone, said frequency of the datt ^ transfer ^ ^ 

at the frequency thereof determined for said initiation of the record.ng rep 

one virtual zone. 

10.Arne, to das,naai m , 7 or, 8 ,n*— »Z?%2g££Z^5& 

riiradirs^^ 

said adjacent virtual zone. 

said angular .ei.c.y a, „hich the ^^J^^^^ZLd in s'aid radiaii, ouf.ard 
and then is progressively decreased so long as successive ira 
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21. 



direction, are scanned in said adjacent virtual zone. 

... ■ Hi^k tvoe recording medium by an apparatus having drive means 

Amethod of record.ng ,nformat,on ^^^Jto in a radial direction relative to said disk type re- 
fer rotating the recording med.um, J 8 * circular trac ks on the recording medium, 
cording medium for scanning rad.al ly "J™^ operab | e in response to a clock signal 

f^S 

ing the steps of. presenting a total number of virtual zones arranged sue- 

^^^^s^my^-^ 

generating a .rack number s,gnal f te 0( said in , orr , a ,i„„ therein; 

generating, u the tracRs |g S|tuated , 

the tracks being successively scanned are within the same one of said zones. 

L Amethod of reproducing information recorded on ^^^^^^^S^ 
with a constant linear velocity system by means of an appar tus J^JjJjrj ™ 9 medium 
cording medium, head means movable in a rad.al direct ,on relat ve producing 
for scanning radially successive substantia.* crcular tracks or Ota »co ^£T£ reproducing 

each said virtual zone being comprised of a respect.ve pluraWy of sad trada. 

generating, in response to said track number s,gnal. said ^^^^^ said disk 
number signal, a rotational speed reference signal ^^^^^^^^ at 

tracks being successively scanned are within the same one of said zones, 
tracks situated in a virtual zone adjacent said one virtual zone, the generated 
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unchanged and, in response thereto, said clock signal is maintained at the frequency determined at said 
initiation of recording/reproducing in said one virtual zone. 

24. A method as in claim 23; in which, in response to said unchanged zone number signal generated when 
said recording/reproducing of information continues on/from tracks situated in said adjacent virtual zone, 
said angular velocity is further progressively decreased. 

A method as in any of claims 21 to 24; in which said zone number signal is generated so as to continuously 
identify the one of said virtual zones in which is situated the track being scanned at any time during the 
recording/reproducing of information thereon/therefrom so that, if recording/reproducing of information 
continues on/from tracks situated in a virtual zone adjacent said one virtual zone in which the record- 
ing/reproducing was initiated, the resulting change in the generated zone number signal causes a corre- 
sponding change in the frequency of the clock signal. 
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